glutamic acid synthesis in Bacillus licheniformis. J. Bacteriol. 88:220-225. 1964 .-Growth conditions necessary for transformation to prototrophy of 14 auxotrophs of Bacillus licheniformis were studied. The unexpected finding of different growth requirements by each auxotroph for the development of transformable cells is discussed. Under optimal growth conditions for a serine-deficient mutant transformation frequencies of 0.1% were obtained. A medium for transformation of competent cells in liquid suspensions is described. In addition, this report presents evidence for the transformation of three nonencapsulated mutants of B. licheniformis for the ability to synthesize polyglutamic acid (capsular material).
Bacillus licheniformis strain 9945A (previously designated by the American Type Culture Collection as B. subtilis strain 9945A) synthesizes large amounts of polyglutamic acid (capsular material) during growth in a chemically defined medium (Leonard, Housewright, and Thorne, 1958) . We have been studying the mechanism of polyglutamic acid synthesis by B. licheniformis Thorne and Leonard, 1958; Leonard and Housewright, 1963) . Genetic and biochemical studies of factors affecting polyglutamic acid synthesis by encapsulated and nonencapsulated mutants of this organism will be of great help in further elucidating the mechanism of polyglutamic acid synthesis.
Transformation of B. licheniformis auxotrophs had not been reported until Gwinn and Thorne (1964) were able to transform to prototrophy 3 of a series of 28 auxotrophs of B. licheniformis. This report presents studies on the growth conditions necessary for transformation to prototrophy of each of the 14 mutants we tested, The finding of different growth requirements by each auxotroph for the development of transformable cells is discussed. This report also presents evidence for the transformation of three nonencapsulated mutants of B. licheniformis for the ability to synthesize polyglutamic acid (capsular material). A medium for transformation of B. licheniformis cells in liquid suspensions is described.
MATERIALS AND METHODS Organisms. B. licheniformis 9945A was used throughout as the donor of wild-type deoxyribonucleic acid (DNA) and for obtaining auxotrophic mutants after irradiation of spores with ultraviolet light (Iyer, 1960) . This strain produces large quantities of capsular material (Land D-polyglutamic acid) when grown on minimal agar plates (Gwinn and Thorne, 1964) or on medium E . Nonencapsulated mutants arising spontaneously were isolated from the auxotrophic mutants and from the wild-type parent. The nonencapsulated mutants (capsule-) did not produce capsular material in any media tested, including supplemented minimal or medium E agar plates. (Under similar conditions encapsulated strains produced large amounts of capsular material.) Stock cultures. Spores of wild-type and mutant strains were prepared in potato broth (Thorne, 1962 ) and kept at 4 C. Cells were grown from spore inoculum (106 spores per ml) in 50 ml of the desired medium in 500-ml flasks. The flasks were shaken at 37 C on a reciprocating shaker set at 100 excursions per min (5-cm stroke) for the desired length of time.
Media and cultural conditions. The minimal medium consisted of (NH4)2S04, 2 g; K2HP04, 14 g; KH2PO4, 6 g; Na citrate.2H20, 1 g; MgSO4 7H20, 0.2 g; FeCl3.6H20, 0.04 g; MnSO4 H20, 0.002 g; glucose, 0.5 g (added aseptically); and triple-distilled water to 1 liter (pH 7.0). Nutrient medium (NBSG) was prepared by adding 8 g of nutrient broth (Difco) and (vitamin-free) , 5 jig of L-tryptophan per ml, 5 X 10-3 M M\gSO4, 10-s NI CaCl2, 9 X 10-4 SI MnSO4, and 0.2 M NaCl (1)H 7.0). As a rule, 5 ,g of the nutritional requirement of the mutant being tested were added per ml of BL transformation medium. The cells were grown in N13SG for the desired length of time, washed twice, and diluted with BL transformation medium to the desired cell concentration. Xs a rule, 0.1 ml of cells (3 to 6 X 108 cells), 0.1 ml of DNA in 2 M NaCl (40 ,g), and 0.8 ml of BL transformation medium were placed in a test tube. The tubes were slanted on a rack and shaken on a reciprocating shaker for auxotrolphs of B. lichenifornmis when we used the routine procedures described for B. subtilis strain 168 (Anagnostopoulus and Spizizen, 1961) , for Ilaemophilus influenzae (Stuy, 1962; Goodgal and Herriott, 1961) , and for Diplococcuts pneumoniae (Lacks, 1962) , although many modifications of these methods were tested. Penassav Broth, Tryptose Broth, and 13rain Heart Infusion (Difco) were also tested for growth of transform- with nonencapsulated auxotrophs are required. As the transformation frequency to prototrophy was increased, the number of double transformants to prototrophy and capsule+ was also increased. A double mutant thiamine-, capsule-(MIR-1) was used in most of these studies. Double transformants, thiamine+, capsule+, are easily distinguished from single transformants, thiamine+, capsule-, when plated on minimal agar plates (Fig. 1) . (Anagnostopoulus and Spizizen, 1961) , for H. influenzae (Stuy, 1962; Goodgal and Herriott, 1961) , and for D. pneumoniae (Lacks, 1962) (Young and Spizizen, 1963) and in transformation of H. influenzae (Barnhart and Herriott, 1963) .
This report also presents evidence for the transformation of the ability to synthesize capsular material, namely, polyglutamic acid in three nonencapsulated mutants of B. licheniformis. Because no specific method was available for selecting encapsulated transformants from the nonencapsulated recipients, only double transformants to prototrophy and encapsulation were scored. When an excess of DNA was used, about 20% of the transformants were also cotrans-TRANSFORMATION IN B. LICHENIFORMIS formed for the ability to synthesize polyglutamic acid (capsular material). Under similar conditions of growth, the polyglutamic acid synthesized by the transformants to encapsulation was similar both qualitatively and quantitatively to that synthesized by wild-type B. licheniformis.
We have several different nonencapsulated mutants, and we plan to do genetic and biochemical studies with these mutants. These studies, in addition to our work on polyglutamic acid synthesis by cell-free extracts of B. licheniformis, may help to elucidate the mechanism of polyglutamic acid synthesis (Leonard and Housewright, 1963) .
